FIELD VERIFICATION PROGRAM
(AQUATIC DISPOSAL)

TECHNICAL REPORT D-88-4
US Environmental

Protection A FIELD AND LABORATORY STUDY USING

Agency ADENYLATE ENERGY CHARGE AS AN INDICATOR

OF STRESS IN MYTILUS EDULIS AND NEPHTYS
INCISA TREATED WITH DREDGED MATERIAL

by

Gerald E. Zaroogian, Peter F. Rogerson
Gerald Hoffman, Mary Johnson

Environmental Research lLaboratory
US Environmental Protection Agency
Narragansett, Rhode Island 02882

D. Michael Johns
Tetra Tech
Bellevue, Washington 98005

and

William G. Nelson

Science Applications International Corporation
Narragansett, Rhode Island 02882

- June 1988
Final Report

Approved For Public Release; Distribution Unlimited

Prepared for DEPARTMENT OF THE ARMY
US Army Corps of Engineers
Washington, DC 20314-1000

and

US Environmental Protection Agency
Washington, DC 20460

Manitored by Environmental Laboratory
US Army Engineer Waterways Experiment Station
ngEAn;"i‘ge%?;ps PO Box 631, Vicksburg, Mississippi 39180-0631




Destroy this report when no longer needed. Do not return
it 10 the originator.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated
by other authorized documents,

The contents of this report are not to be used for
advertising, publication, or promotional purposes.
Citation of trade names does not constitute an
official endorsement or approval of the use of
such commercial products.

The D-series of reports includes pubiications of the
Environmental Effects of Dredging Programs:

Dredging Operations Technical Support
Long-Term Effects of Dredging Operations

interagency Fieid Verification of Methodologies for
Evaluating Dredged Material Disposal Aiternatives
(Field Veritication Program}

af LD e el
i?'\'?' [ {Qﬁ!

JUL 21 1988

BURELG i o mb i CLEANUP
Twin Towers

e e L S e



SUBJECT: Transmittal of Field Verification Program Technical Report Entitled
"A Field and Laboratory Study Using Adenylate Energy Charge as an
Indicator of Stress in Mytilus edulis and Nephiys incisa Treated
with Dredged Material"

TO: All Report Recipients

1. This is one in a series of scientific reports documenting the findings of
studies conducted under the Interagency Field Verification of Testing and Pre-
dictive Methodologies for Dredged Material Disposal Alternatives (referred to
as the Field Verification Program or FVP), This program is a comprehensive
evaluation of environmental effects of dredged material disposal under condi-
tions of upland and aquatic disposal and wetland creation.

2., The FVP originated out of the mutual need of both the Corps of Engineers
{Corps) and the Environmental Protection Agency (EPA) to continually improve
the technical basis for carrying out their shared regulatory missions. The
program is an expansion of studies proposed by EPA to the US Army Englneer
Division, New England (NED), in support of its regulatory and dredging mis-
sions related to dredged material disposal into Long Island Sound. Discus-
sions among the Corps' Waterways Experiment Station (WES), NED, and the EPA
Environmental Research Laboratory (ERLN) in Narragansett, RI, made it clear
that a dredging project at Black Rock Harbor in Bridgeport, CT, presented a
unique opportunity for simultaneous evaluation of aquatic disposal, upland
disposal, and wetland creation using the same dredged material. Evaluations
were to be based on technolegy existing within the two agencies or developed
during the six~year life of the program.

3. The program 1s generic in nature and will provide techniques and interpre-
tive approaches applicable to evaluation of many dredging and disposal opera~
tions. Consequently, while the studies will provide detailed site-~specific
information on disposal of material dredged from Black Rock Harbor, they will
also have great national significance for the Corps and EPA.

4, The FVP 1s designed to meet both Agencies' needs to document the effects
of disposal under various conditions, provide verification of the predictive
aceuracy of evaluative techniques now in use, and provide a basis for deter-
mining the degree to which biological response is correlated with bicaccumula-
tion of key contaminants in the species under study. The latter is an
important aid in interpreting potential biological consequences of biocaccumu-
lation. The program also meets EPA mission needs by providing an opportunity
to document the application of the generic predictive hazard-assessment
research strategy applicable to all wastes disposed in the aquatic environ-
went. Therefore, the ERLN initiated exposure-assessment studies at the
aquatic disposal site. The Corps-sponsored studies on environmental conse-
quences of aquatic disposal will provide the effects assessment necessary to
complement the EPA-sponsored exposure assessment, thereby allowing ERLN to
develop and apply a hazard-assessment strategy. While not part of the Corps-
funded FVP, the EPA exposure-assessment studies will complement the Corps'
work, and together the Corps and the EPA studies will satisfy the needs of
both agencies.
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5. In recognition of the potential natiomal significance, the 0ffice, Chief
of Engineers, approved and funded the studies in January 1982. The work is
managed through the Environmental Laboratory's Environmental Effects of Dredg-
ing Programs at WES., Studies of the effects of upland disposal and wetland
creation were conducted by WES, and studies of aquatic disposal were carried
out by the ERLN, applying techniques worked out at the laboratory for evaluat-
ing sublethal effects of contaminants on aquatic organisms. These studies
were funded by the Corps while salary, support facilities, etc., were provided
by EPA. The EPA funding to support the exposure-assessment studies followed
in 1983; the exposure-assessment studies are managed and conducted by ERLN.

6. The Corps and EPA are pleased at the opportunity to conduct cooperative
research and believe that the value in practical implementation and improve-
ment of environmental regulations of dredged material disposal will be consid-
erable. The studies conducted under this program are sclentific in nature and
are published in the scilentific literature as appropriate and in a series of
Corps technical reports. The EPA will publish findings of the exposure-
assessment studies in the scientific literature and in EPA report series. The
FVP will provide the scientific basis upon which regulatory recommendations
will be made and upon which changes in regulatory implementation, and perhaps
regulations themselves, will he based. However, the documents produced by the
program do not in themselves constitute regulatory guidance from either
agency. Regulatory guidance will be provided under separate authority after
appropriate technical and administrative assessment of the overall findings of

the entire program.

Choromokos, Jr., .D., P.E. Bernard D. Goldstein, M.D.
Director, Research and Development Assiscant Administrator for
U. S. Army Corps of Enginaers Rasearch and Development

U. S. Environmental Protection
Agency
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PREFACE

This report describes work performed by the US Environmental Protection
Agency (USEPA), Environmental Research Laboratory, Narragansett, R. I. (ERLN)},
as part of the Interagency Field Verification of Testing and Predictive Meth~
odologies for Dredged Matevrial Disposal Alternatives Program (Field Verifica-
tion Program (FVP)). The FVP was sponsored by the Office, Chief of Engineers
(OCE), US Army, and was assigned to the US Army Engineer Waterways Experiment
Station (WES), Vicksburg, Miss. The objective of this interagency program was
to field verify existing predictive techniques for evaluating the environmen-
tal consequences of dredged material disposal under aquatic, intertidal, and
upland conditions. The aquatic portion of the FVP was conducted by ERLN, with
the wetland and upland option conducted by WES,

The principal investigators for this aquatic study and auvthors of this
report were Drs. Gerald E, Zaroogian, ERLN; D. Michael Johns, Tetra Tech;
Peter F. Rogerson and Gerald Hoffman, ERLN; and Mr, William G. Nelson, Science
Applications International Corporation (SAIC). Laboratory-cultured algae were
provided by Mr. Greg Tracey, SAIC. Technical support for the adenylate energy
charge measurements was provided by Ms. Mary Johnson, ERLN, Diving support
for the field portion of the study was provided by Messrs. Bruce Reynolds and
Norman Rubinstein, ERLN, and Greg Tracey, SAIC.

Analytical chemistry support was provided by Mr. Richard Lapan,

Mr. Curtis Norwood, and Mr. Frank Osterman, ERLN; Mr. Richard McKinney,

Mr. Warren Boothman, Ms. Adria Elskus, Ms. Eileen McFadden, Mr. Lawrence
LeBlanc, Mr. Robert Bowen, and Ms. Sharon Pavignano, SAIC; and Ms, Kathleen
Schweitzer, University of Rhode Island.

Mses. Joan E. Seites, Barbara 5. Gardiner, and Colette J. Brown, Com-
puter Science Corporation (CSC), provided word processing support in the prep-
aration of this report. Predictive models for field exposures were supplied
by Drs. John F. Paul, ERLN, and Wayne R. Munns, SAIC. In addition, assistance
in statistical analysis was provided by Dr. James Heltshe and Mr. Jeffery
Rosen, CSC. Critical reviews of this report were completed by Drs. Eugene
Jackim, John H. Gentile, and Gerald G. Pesch, ERLN. Technical reviews were
provided by WES personnel.

The USEPA Technical Director for the FVP was Dr. Gentile; the Technical

Coordinators were Dr, Pesch and Mr. Walter Galloway. The OCE Technical



Monitors were Drs, John Hall, Robert J. Pierce, and William L. Klesch.

The study was conducted under the direct WES management of
Drs. Thomas M. Dillon and Richard K. Peddicord and under the general manage-
ment of Dr, C. Richard Lee, Chief, Contaminant Mobility and Criteria Group;
Mr. Donald L. Robey, Chief, Ecosystem Research and Simulation Division; and
Dr. John Harrison, Chief, Environmental Laboratory. The FVP Coordinator was
Mr. Robert L. Lazor, and the Environmental Effects of Dredging Program (EEDP)
Managers were Mr. Charles C. Calhoun, Jr., and Dr. Robert M, Engler.
Dr. Thomas D. Wright was the WES Technical Coordinator for the FVP reports.
This report was edited by Ms. Jamie W. Leach of the WES Information Technology
Laboratory.

COL Dwayne G, Lee, CE, was Commander and Director of WES. Dr. Robert W,

Whalin was Technical Director.

This report should be cited as follows:

Zaroogian, G. E., Rogerson, P, F,, Hoffman, G., Johnson, M,,
Johns, D. M., and Nelson, W, G, 1988. "A Field and Laboratory
Study Using Adenylate Fnergy Charge as an Indicator of Stress in
Mytilus edulis and Nephtys incisa Treated with Dredged Material,"
Technical Report D-88-4, prepared by the US Environmental Pro-
tection Agency, Narragansett, R, I.,, for the US Army Engineer
Waterways Experiment Station, Vicksburg, Miss.
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A FIFLD AND LABORATORY STUDY USING ADENYLATE ENERGY CHARGE
AS AN INDICATOR OF STRESS IN MYTILUS EDULIS AND
NEPHTYS INCTSA TREATED WITH DREDGED MATERIAL

PART I: INTRODUCTICN

Background

1. The Marine Protection, Research, and Sanctuaries Act (Public
Law 92-532) was passed by Congress in 1972, This law states that it is the
policy of the United States to regulate disposal of all types of materials
into ocean waters and to prevent or strictly limit disposal of any material
that would adversely affect human health, welfare, the marine enviromment, or
ecological systems. The implementation of this law, through the issuance of
permits as defined in the final regulations and criteria, is shared jointly by
the US Environmental Protection Agency (USEPA) and the US Army Corps of
Engineers (CE).

2. In 1977, the CE and the USEPA prepared technical guidance for the
implementation of the final ocean dumping regulations in the form of a manual
entitled "Ecological Evaluation of Proposed Discharge of Dredged Material into
Ocean Waters" (USEPA/CE 1977), This manual specified which test procedures
were to be followed in collecting information to be used in making a disposal
decision, Among the procedures were those for: (a) chemically characterizing
the proposed dredged material; (b) determining the acute toxicity of liquid,
suspended particulate, and solid phases; (c) estimating the potential contami-
nant bicaccumulation; and (d) describing the initial mixing during disposal.
These methods have been used for determining the suitability of dredged mate~
rial for open-water disposal. The procedures in this manual represented the
technical state of the art at that time and were never intended to be inflex-
ible methodologies. The recommended test methods were chosen to provide tech-
nical information consistent with the criteria specified in the regulations.
However, use of the manual in the permit process has identified conceptual and
technical limitations with the recommended test methods (Gentile and Scott
1986).

3. To meet this critical need, the Interagency Field Verification of



Testing and Predictive Methodologies for Dredged Material Disposal Alterna-
tives Program, or the Field Verification Program (FVP), was authorized in
1982, This 6-year program was sponsored by the Office, Chief of Engineers,

US Army, and was assigned to the US Army Engineer Waterways Experiment Station
(WES), Vicksburg, Miss. The objective of this interagency program was to
field verify existing test methodologies for predicting the environmental con-
sequences of dredged material disposal under aquatic, intertidal, and upland
conditions. The aquatic portion of the FVP was conducted by the USEPA En-
vironmental Research Laboratory, Narragansett, R. I. (ERLN). The intertidal
and upland portions, conducted by WES, are reported in separate documentation.

4. The ERLN was responsible for conducting research on the aquatic
option for disposal of dredged material. There were three research objectives
for this portion of the program. The first was to demonstrate the applica-
bility of existing test methods for detecting and measuring the effects of
dredged material and to determine the degree of variability and reproduci-
bility inherent in the testing procedure. This phase of the program (Labora-
tory Documentation) is complete, and the results have been published in a
series of technical reports. This information provides insight into how the
various methods function, their sources of variability, their respective and
relative sensitivities to the specific dredged material being tested, and the
degree of confidence that can be placed on the data derived from the applica-
tion of the methods.

5. The second objective was to field verify the laboratory responses by
measuring the same responses under both laboratory and field exposures. A
basic and often implicit assumption is that results derived from laboratory
test methods are directly applicable in the fileld. While this assumption is
intuitive, there are no supporting data from studies on complex wastes in the
marine environment. The study reported herein offers a unique opportunity to
test this basic assumption.

6. The third objective was to determine the degree of correlation of
tissue residues resulting from bioaccumulation of dredged material contami-
nants with biological responses from laboratory and field exposure to dredged
material. However, this study was not designed to address cause-effect rela-
tionships, and the multicontaminant nature of the dredged material precludes

any such assumptions,



Project Description

7. The aquatic disposal portion of the FVP was a site-~ and waste-
specific case study that applied the concepts and principles of risk assess-—
ment., The disposal site for the FVP was a historical site known as the Cen-
tral Long Island Sound (CLIS) disposal site (1.8 by 3.7 km) located approxi-
mately 15 km southeast of New Haven, Conn. (Figure 1). The sedimentology at
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Figure 1. Central Long Island Sound disposal site
and Black Rock Harbor dredge site

the disposal and reference sites is primarily silt-clay, with a mean grain
size of 0,013 mm, Thermal stratification occurs from April to September, and
during this period bottom salinity is slightly higher than that of the sur-
face. Tidal currents typically dominate the near-bottom water in an east-west
direction. Suspended sediment concentrations average 10 mg/f, with storm—
induced values to 30 mg/%. The baseline community data revealed a homoge-
neous, mature infaunal community dominated by the polychaete Nephtys incisa
and the bivalve molluscs Nucula proxima and Yoldia limatula.

8. The FVP disposal site was selected within the CLIS so as to minimize

contamination from other sources, including relic disposal operations or
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ongoing disposal activities occurring during the study period. This was nec-
essary to ensure a point source of contamination, The uniformity of physical,
chemical, and biological properties of the disposal site prior to disposal al-
lowed detection of changes in these properties due to the disposal of the
dredged material. Finally, the stations used to study the biological effects
in this study were selected along the primary axis of current flow to repre-

sent a gradient of potential exposure for the biota (Figure 2).

721525 72152.0 772|515 72151.0

FVP DISPOSAL SITE

r ———
——

41 09.5 Jo- e AN

/
/
{ VoA CNTR_/200E 400E I000E

Figure 2. FVP sampling stations

9. The spatial scale of this study was near-field and limited to the
immediate vicinity of the disposal site. A primary assumption was that the
mound of dredged material constituted a point source of contamination, The
temporal scale for the study was 4 years, which included a year of predisposal
data collection to define seasonal patterns in the physical, chemical, and
biological variables and 3 years of postdisposal data collection to address
the objectives of the program and to evaluate the long-term impacts of the
disposal operation on the surrounding benthic communities,

10, The dredging site was Black Rock Harbor (BRH), located in
Bridgeport, Conn., where maintenance dredging provided a channel 46 m wide and

5.2 m deep at mean low water (Figure 1). Approximately 55,000 m3 of material
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was dredged during April and May 1983 and disposed in 20 m of water in the
nertheastern corner of the CLIS disposal site.

11. The dredged material from BRH contained substantial concentrations
of both organic and inorganic contaminants (Rogerson, Schimmel, and Hoffman
1985). Polychlorinated biphenyls (PCBs) were present in the dredged material
at a concentration of 6,400 ng/g, and polynuclear aromatic hydrocarbons (PAHs)
with molecular weights between 166 and 302 were present at concentrations
ranging from 1,000 to 12,000 ng/g, respectively. Alkyl homologs of the PAHs
were also present in the dredged material at concentrations between 1,000 and
13,000 ng/g. Inorganic contaminants of toxicological importance present in
the dredged material included copper (2,900 ug/g), chromium (1,480 ug/g), zinc
(1,200 ug/g), lead (380 pg/g), nickel (140 ug/g), cadmium (24 pg/g), and
mercury (1.7 ug/g).

Project Scope

12. The FVP was unique among marine research studies for several rea-
sons. The program objectives were directly focused on addressing specific
limitations in the methodologies and interpretive framework of the current
regulatory process. Among the program strengths were: (a) a suite of bio-
logical endpoints using the same material was developed and evaluated; (b) the
biological tests represented different levels of bioclogical organization;

(c) the tests were conducted under both laboratory and field exposure condi-
tions; (d) the tissue residues were examined concurrently with measurements of
biological effects; (e) the duration of the study was adequate to evaluate the
use of community responses as a benchmark against which other biological re-
sponses could be compared; and (f) the project was a site- and waste-specific
case study for the application and evaluation of the components of a risk as-
sessment, including the development of methodologies for predicting and mea-
suring field exposures in the water column and benthic compartments. Limita-
tions of this study were: (a) only one dredged material was evaluated, which
constrained certain types of comparisons; (b) the size of the study put limits
on the extent to which any given objective could be examined; and (c) the
resources allocated to determine field exposures were limited. The latter
constraint was particularly important because the laboratory~field comparisons
and the risk assessment process both required accurate predictions of environ-

mental exposures.
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Laboratory-to-Field Comparisons

13. The field verification of laboratory test methods was designed to
compare the exposure-response relationships measured in both the laboratory
and the field. Exposure for the purposes of this discussion includes the
total dredged material with all of its contaminants. Specific contaminants
are used as "tracers'" to verify the exposure environment, which is described
in terms of BRH dredged material, and to illustrate exposure-response rela-
tionships between the laboratory and the field, The specific contaminants are
a subset of a comprehensive suite of chemicals analyzed in this study and were
selected based upon their environmental chemistry and statistical representa-—
tiveness. The use of specific contaminants in no way implies a cause-and-
effect relationship between contaminant and response.

14, Exposure in open marine systems is characterized by highly dynamic
temporal and spatial conditions and cannot be completely replicated in labora-
tory systems. Consequently, the approach chosen for this program was to de-
velop laboratory exposure-response data using only general field exposure

information.

Residue-Effects Relationships

15. Determining the relationship between contaminant tissue residues
resulting from biocaccumulation and the biological responses measured is a
principal objective of this program. Such relationships do not in any way im-
ply cause and effect, but rather seek to determine the statistical relation-
ship between an effect and any associated residues. The approach used is to
determine specific contaminant residues in the tissues of the organisms as the
result of exposure to the whole dredged material in both the laboratory and
the field. These residues are determined at the same time that biologi